Nowadays, a common concern in livestock-producing regions is the net nutrients surplus generated in these regions through the import of nitrogen-rich fodder proteins and a subsequent high generation of nitrogen-rich manure after this fodder is used in their livestock farming systems. Such imbalance is threatening the local environments, where of particular concern are the environmental burdens on water ecosystems; furthermore, such inefficient use of resources has also a significant impact on the ecological footprints of the upstream chains that use the produced biomasses.
In this regard, even though all attempts of directing nutrient flows incorporated in human and animal faeces back into regional nutrient cycles of agricultural production systems seem reasonable, the practical successes are cumbersome and hindered by industrial pollutants and imbalances in matching demands and supply for these nutrients. In effect, the experiences from farmers, waste water treatment operators and waste management companies show that finding alternative and useful sinks for organic residues is paramount.
Nevertheless, although biomass resources are considered the cornerstone of the bioeconomy, and despite all the intended efforts to foster innovation in this field, the reality is that, to this date, there have been minimum advances in implementing largescale circular innovations and sustainable business concepts for fertiliser treatment and management.
A main reason for this is the contradictory regulatory framework in which farmers are currently working. First of all, in order to protect water bodies and aquifers from excessive fertiliser and nutrient inputs, European (e.g. the EU Nitrate Directive) and national ordinances (e.g. the German Fertiliser Ordinance, amended in 2017) were stipulated, which introduced strict targets for nutrient-balanced farming systems. In order to comply with these regulations, farmers (livestock and food crop) are facing increased transport burdens for fulfilling best practice guidance in spreading agricultural residues and manure, which take into consideration the carrying capacities of agricultural ecosystems in terms of nutrient uptake and conversion.
Although this may seem a simple logistic problem, the situation has become stagnant, and there are two major aspects that can be identified as the reasons for the insufficient innovation and sustainable business concepts to address these logistic burdens. On the one hand, we find a lack of incentives, options and initiatives for refinancing the appropriate stabilisation of agricultural fertilisers, such as organic residues and biogas digestates. On the other hand, we find that the derivation of high-value-added by-products, aside of the oversaturated fertiliser markets, is not fostered at all by environmental and public product and innovation policies.
Considering this current situation, three questions arise.
i. How to make better use of organic fertilisers with high environmental up-and downstream costs? ii. How can we foster the utilisation of regional stocks of organic residues in regional value-added chains for producing a wellbalanced and well-concerted portfolio of bio-based materials, stable humus substrates and easy-to-dose, transport-worthy fertiliser products? iii. How can these value-added products support in internalising additional costs for carbon/nitrogen stabilisation, increasing logistic burdens and further downstream treatment to co-produce long-term stable humus substrates?
Regarding the first question, although the current circular economy strategies give special relevance to innovative fertiliser management systems, it is still possible to identify a lack of incentives for sector reintegration and for innovation in the downstream chains of livestock production. In order to tackle these deficits, a real public debate should be encouraged. The agricultural sector needs to overcome this inappropriate policy framing and the deficient narrative in developing business concepts for a circular (bio)economy. We believe that several innovative ways must be discussed for dealing with these shifts of burden in order to be able to introduce innovative product conversion platforms. Such introduction of innovative technologies and value-added chains in the treatment of organic substrates could allow their transformation from 'considered for treatment' towards being 'considered as platform options' for further value-added materials beyond the current best practice of producing valuable humus substrates, such as bio-polymers and composites, protein-based products for livestock fodder or insect oils for lubricants and cosmetics among many options. As prominent examples for implementing these conversion platforms, one can mention the extraction of (nano-)cellulose, the cultivation of microbial cellulose, the use of dewatered organic residues for raising insect larvae as fat, protein and chitin sources, or the ammonium Cross-fertilisation of ideas for a more sustainable fertiliser market: The need to incubate business concepts for harnessing organic residues and fertilisers on biotechnological conversion platforms in a circular bioeconomy
Editorial concentration out of various nutrient-rich fertilisers through stripping ammonia to enhance the transport worthiness of nitrogen fertilisers. But there could be further alternatives out there that could support this process. In this sense, we should encourage a solution-oriented rather than a problem-oriented approach (and hence stopping the end-of-pipe thinking with a mere focus on ground water quality), bringing circular thinking into play, where nutrient excess is actually happening. We should be encouraged to think how we can come from nutrient excess towards abundance in fibre and nutrient recycling, protein production under the use of innovative circular economy technologies, while at the same time being encouraged to treat beneficial products adequately with regard to ground water protection, for example by fixing nitrogen in long-term stable humic substances.
Nonetheless, it is clear that for implementing transformative innovations on a systems scale, there are many aspects needed to be further considered.
A major input in resource monitoring and impact assessment is needed for policy support and for better decision-making in terms of the provision of studies on environmental and spatial visualisation that uncover hot-spot regions with high shares of excess nutrients and stressed carrying capacities, as well as with high availability of organic substrates potentially viable for revalorisation options. In this way it would be possible to more precisely describe the types of resources (e.g. manure, harvesting residues, biogas digestates and farm-level food losses) that could be regionally available. When striving for the identification of leverage points, where impactful and eco-effective circular options could become relevant in the long-term, it would be of particular importance to allocate further efforts in modelling current and future agricultural structures, their potential production intensities and their associated residue and waste flows.
Moreover, in technology and strategy foresight, a second input is needed in defining the 'innovative best practice options.' Scientists and practitioners are therefore encouraged to present innovative circular economy strategies, extraction and manufacturing technologies and biotechnology platforms for converting, refining and stabilising agricultural residues, manure substrates and biogas digestates. Furthermore, regarding technology and strategy foresight, Life Cycle Assessment (LCA) experts are invited to contribute studies on comparative emissions accounting, as well as on assessments of the environmental benefits of selected revalorization options.
Finally, in governance analysis, in order to inform policy makers, we should encourage policy advisors and analysts to assess the long-term impacts of the national Fertiliser Ordinance(s), in order to define more coherent options for combining an effective policy mix of circular economy instruments with the existing policy instruments in groundwater protection, product innovation, product safety and agricultural policy for a sustainable bioeconomy.
